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(71) We, Minnesota Mining and 
Manufacturing Company, a corporation 
organised and existing under the laws of 
toe State of Delaware. United States of 
5 f^ enca ' of 2501 Hudson Road, Saint Paul, 
Minnesota 55101, United States of America, 
do hereby declare the invention, for which 
we pray that a patent may be granted to 
us, and the method by which it is to be 

10 performed, to be particularly described in 
and by the following statement: — 

This invention relates to the treatment of 
surfaces of solid polymeric articles to modi- 
fy surface properties thereof, such as co- 

15 efficient of friction. In another aspect, it 
relates to normally hydrophobic shaped 
articles of polymers which have been 
chemically treated to form hydrophilic sur- 
faces. In another aspect, it relates to body 

20 insertion devices or instruments, such as 
enema nozzles, useful for medical examina- 
tion, diagnostic, or therapeutic purposes. 
In a further aspect, it relates to shaped 
articles of copolymers of styrene with other 

25 vinyl comonomers such as acrylonitrile. at 
least one surface of which has been treated 
to render the same hydrophilic and slippery 
when wet with water. 
It is well known that many polymer 

30 surfaces are strongly hydrophobic and have 
relatively high coefficients of friction. These 
properties somewhat limit the application 
of shaped articles made from such poly- 
mers. For example, medical and thera- 

35 peutical devices used for examination, di- 
agnostic, or therapeutic purposes fabricated 
from such polymers, as well as metals 
such as stainless steel, when inserted into 
a body cavity or orifice often cause discom- 

40 fort or pain when inserted, due to the rela- 
tively high coefficient of friction of the 
surfaces of such devices. It is usual, in 
order to overcome such problems, to apply 
a lubricant, such as petroleum jelly or other 

45 lubricants of paraffinic base or water- 



soluble gum base, to the surface of the de- 
vice to aid its insertion (for example see 
U.S. Patent No. 2,869,545). However, appli- 
cation of a lubricant does not always satis- 
factorily overcome the problems men- 50 
tioned, or it raises other problems. The 
lubricant is often wiped off or dislodged 
from the surface to which it is applied 
upon insertion of the lubricated device into 
the body orifice. Often the lubricant is in- 55 
correctly or inadequately applied to the sur- 
face. The lubricant may not, in fact, provide 
the desired or required degree of lubricity 
in contact with body membranes or tissues, 
rhe body orifice or cavity may become in 60 
effect undesirably contaminated by the 
lubricant or the sample withdrawn for 
clinical testing may be contaminated with 
the lubricant. The need for a sterile lubri- 
cant, or maintaining lubricant sterile durin* 65 
storage is a significant cost, and in general 
the handling of and requirement for lubri- 
cant is bothersome. 

Representative of art describing various 
treatments of various polymer materials to 70 
modify surface properties thereof is U.S 
Patent No 2,400,720 (Staudinger et al)] 
which discloses treating polystyrene with a 
sulfonating agent, such as fuming sulfuric 
acid, in order to render surfaces thereof 75 
hydrophilic and dye receptive without im- 
pairing the smoothness or optical proper- 
ties such as transparency, of the treated 
article. US Patent No. 2,6(M,461 (Roth) 
discloses sulfonating thin film of polv- 80 
styrene throughout the body of the film to 
produce a soft gel which has decreased ten- 
sile strength and is water-swellable. US 
Patent No. 2.727,831 (Dixon et al) discloses 
sulfonating surfaces of polystyrene to form 85 
on the surface a slimy mixture which is 
then treated with an alkali to eliminate the 
slimy texture and render the surface static 
free U.S. Patent No. 2,446.536 (Hardy) 
discloses treating the surface of copolymers 90 
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of styrene and olefins, such as Kobutylene. 
isoorene and butadiene, with fuming sul- 
furic Scid to modify surface charactensttcs 
such as tackiness and oil solubility. British 
5 Paten? No. 1,079,251 discloses treating 
plastics such as copolymers of styren^n d 
acrylonitrile, copolymers of acrylonitrile, 
butadiene, and styrene. polystyren and 
acrylic polymers, with a strong aqueous 
10 solution of sulfuric acid and chrormc acid 
and then sensitizing the resulting hydro- 
philic surface to permit deposition of a cata- 
lytic film. None of these prior art references 
disclose treating a normally hydrophobic 
15 polymer, such as a copolymer of styrene 
and acrylonitrile, or body insertion devices 
^instruments made therefrom with fum- 
in 2 sulfuric acid to render surfaces thereof 
durably slippery when wet with water 
20 The present invention provides an article 
including at least one part formed from a 
wa er nloluble solid copolymer of a vinyl or 
alnha-methyl vinyl aromatic compound and 
It teas? one copolymerizable acyclic vinyl 
25 or atpha-methyl vinyl compound which 
nart has at least one surface which is slip- 
pery when in contact with water 

Shaped articles of normally hydrophobic 
water-insoluble solid polymers according to 
30 the invention, such as copolymers of styrene 
with copolymerizable acyclic vinyl mono- 
mers e.s acrylonitrile, are preferably 
Sd wfth fuming sulfuric acid, to render 
at least one surface or a. portion thereof 
35 hydrophilic and durably slippery when wet 
X water. The conditions of treatment are 
STS the treated surface retains such 
properties upon storage, requiring only he 
application of a film of water to make the 
40 surface self-lubricating. Articles made wrth 
such surfaces can be repeatedly usee I after 
they become dry or dehydrated by merely 
rewetting. washing and drying after use, 
and repekted use does not impair ' the shp- 
45 nerv nature of the surface. In short, the 
tSed surface of the article is durable. 
S noSuy hydrophobic polymers can 
be fabricated in the shape of a body inser- 
tion device or instrument, such as those 
50 ha^ng a curved or rounded outer surface 
winch surfaces thereof would normally 
in o contact with the walls tissue or 
Sfbers of body orifices or pities S uch 
devices are treated in accordance with tnis 
55 Snton with fuming sulfuric acid to 
modify such surfaces, rendering them hy- 
JroSic and durably slippery , when wet 
whh water. Such modified devices or m- 
sTruments can be used without requiring the 
60 Sion of an extraneous lubricant such 
60 ar P eTroleum jelly, and the disadvantages 
mentioned above which are attendant the 
use of such lubricant are materially or 
mmDletelv overcome by this invention. 
65 The polvmers used in this invention are 



oreferably water-insoluble, hydrophobic 
S r P oi y ymers. The vinyl or alpha-meth 
vinyl aromatic monomers can be repre 
sented bv the structure Ar— C(.K)-^n., 
where R\s hydrogen or methyl and A^ i 70 
an aromatic nucleus, preferably of the ben 
zene series. The copolymerizable vmyl or 
alpha-methyl vinyl compounds ha, Mte 
characteristic group Ca,-U.^) ■ ■ wnere 
Ri is methyl or. preferably, a hydrogen n 
Itom. Representative vinyl or alpha-methyl 
v nvl aromatics which can be used to pre- 
paS S copolymers are . styrene a Ipha- 
mothvl stvrene, mono- and di-suosiiiuieu 
Sostvrene such as 2,5-dichlorostyrene. 80 
vmy Eene, and the like. Vinyl aromat.es 
which are unsubstituted in the para posi- 
tion are preferred since copolymers there- 
of when treated in accordance with this n- 
veniion to provide the best durable . si p- 85 
nery surfaces, have been found upon infra- 
feTanalysis io have sulfonic acid substitu- 
tion in the para position. 

Preferred representative acyclic vinyl 
comonomers which are copolymerized with 90 
the vinyl aromatic to provide the copoly- 
mers used in this mvention include those 
of the general formula CH 2 — \-lK ) ^» 
where ^ is methyl or. preferably.^- 
dro«en atom and X is -^CN. — yf u "> y5 
nnd -COOR". where R 11 is an alkyl with 
1 to 8 carbon atoms which can have a hy- 
droxy substituent, comonomers falling 
S the scope of this latter formula in- 
dud n- acrylonitrile. methacrylonitnle. and 100 
acrySfand methacrylic acids and alkano 
or hvdroxy-substituted alkano esters of 
?uch S. such as butyl acrylate. methyl 
mtrincrvlate and the 1 ke. Other comono- 
Se? which can be copolymerized with 105 
serene, or with styrene and fgn»m« 
nf said aenera formula CH.-C K )— a. 
a e mono-olefins. such as isobutylene and 
nroovlene and di-olefins, such as isoprene 
SftS&S these olefins preferably hav- no 
in- 3 to 5 carbon atoms. We have found 
hat copolymers of styrene and acrylonitrile, 
stvrene and n-butylacrylatc, styrene, 1,3- 
hntadkne and acrylonitrile. and styrene 
and ^methyl methaaylate are particularly 115 
SabTe in the practice of this invention. 

The relative weight ratio of vinyl aro- 
matic to copolymerizable acyclic vinyl com- 
pound in these polymers ca* vary but 
sufficient vinyl aromatic should be used so 120 
35 the sub^quently treated surface of the 
polymer has a durable hydrophilic. slip- 
pery surface, too much vinyl aromauc mono- 
mer resulting in a .surface which though 
it may be hydrophilic. is m the nature of a 125 
slime or eel which is not durable and 
stroiHy bonded to the substrate, and is 
ea™ washed off or abraded. Generally, the 
amount of vinvl aromatic in the copolymer 
shoZ be 20 to 85 weight percent, prefer- 130 
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ably 50 to 75 weight percent, and the 
amount of vinyl comonomer should be 80 
to 15 weight percent, preferably 50 to 25 
weight percent, these weight percents be- 
5 ing conventionally expressed in terms of 
polymerization charge weights. Where the 
above-described olefins are used as co- 
monomers in addition to those of the 
general formula CH 2 =C(R 1 )— X, such ole- 
10 fins will generally amount to 1 to 40 weisht 
percent of the total comonomers copoly- 
merized with the vinyl aromatic (e.e., 
styrene). 

There are many commercially available 

15 polymers which can be used in the prac- 
tice of this invention, such as "Tyril" 760 
and 767, which are copolymers of styrene 
and acrylonitriie, "Neo-Cryl" and "Zer- 
lon", which are copolymers of styrene and 

20 methylmethacrylate, "Parapol" S-50, which 
is a copolymer of styrene and isobiitylene, 
and "Tybrene" 217 and "Cycolac", which 
are copolymers of blends of copolymers of 
acrylonitriie, butadiene, and styrene. The 

25 copolymers used in this invention can be 
prepared by any of the known methods 
of copolymerization, such as emulsion, sus- 
pension, solution, or bulk polymerization. 
The copolymers used in this invention are 

30 preferably random copolymers but it is 
within the scope of this invention to use 
block or graft copolymers; also, it is within 
the scope of this invention to use blends of 
two or more of such copolymers. Thermo- 

35 plastic polymers are presently preferred in 
the practice of this invention. 

The shaped articles which are treated in 
accordance with this invention can be in 
such unfabricated solid form as chips and 

40 pellets, or can be fabricated by extrusion, 
injection or compression molding, machin- 
ing, calendering, wet- and dry-spinnine, pot- 
ting, casting, and the like, into suclTfabri- 
cated forms as fibers, filaments, yarns, 

45 threads, ribbons, tapes, rods, foils, self- 
supporting films and sheets, moldings, and 
the like. Preferably, the polymeric material 
is treated in accordance with this invention 
in the shape which it will subsequently be 

50 used. The polymer material may have in- 
corporated in it various additives and ad- 
juncts such as pigments, dyes and plasti- 
cizers, as long as these do not prevent the 
formation of or adversely affect the hydro- 

55 philic slippery surface. 

The treatment of the above-described 
polymers or articles made therefrom, e.g., 
the body insertion devices, is carried out by 
contacting one or more desired surfaces of 

60 the polymer article, or portions thereof, 
with fuming sulfuric acid of sufficient con- 
centration for a sufficient period of time 
and at a sufficient temperature to cause the 
formation of a durable hydrophilic surface 

65 which is slippery when wet with water. The 



treatment is more than superficial and in 
most cases visibly affects the appearance of 
the treated surface. In the case of copoly- 
mers which normally are transparent, upon 
treatment, the degree of transparency is 70 
decreased, the treated surface of some co- 
polymers becoming translucent, opaque 
etched, or cloudy. The degree or extent of 
modification of the surface will vary with 
not only the particular polymer being treated 75 
but with the concentrations of the fuming 
sulfuric acid, and the temperature and dura- 
tion of the treatment. Simple routine tests 
can be performed to determine the opti- 
mum conditions necessary to provide an 80 
article with a durable slippery surface In 
any event, it is only the surface of the 
article which is modified, that is, the article 
is not sulfonated throughout its interior 
or bulk, and thus the physical properties, 85 
such as tensile strength, generally remain 
intact and are not materially modified. 
Generally, a durable slippery surface will 
be produced at temperatures in the range 
of 0 to 100°C. preferably 15 to 55°C and on 
typically at ambient temperature. The dura- 
tion of the treatment will generally vary 
from a few seconds to 15 minutes or longer, 
and contact or treatment times in the range 
of 30 seconds to 2 minutes generally will 05 
be adequate and are preferred. 

The fuming sulfuric acid can have 2 to 
30 weight percent, preferably 5 to 10 weight 
percent, free or excess sulfur trioxide. Hot, 
concentrated sulfuric acid can also be used 100 
since it in a sense will be equivalent to 
fuming sulfuric acid, though the latter is 
preferred because it will function well with- 
out havmg to be heated. Other chemicals 
often conventionally referred to as sulfon- 105 
ating agents, such as concentrated sulfuric 
acid (at room temperature), sulfur trioxide, 
and chlorosulfonic acid, have not been 
found suitable to achieve a durable slip- 
pery surface. 1J0 

Contacting of the surface of the polymer 
article is preferably carried out by immers- 
ing the desired surface to be treated in 
fuming sulfuric acid at room temperature 
However, it is also within the scope of this 115 
invention to spray the sulfonating agent 
onto the desired surface to be treated. Fol- 
lowing contact of the surface with the sul- 
fonating agent, the treated surface can be 
drained and washed with water and dried P0 
in air. Alternatively, after the water wash, 
the treated surface can be contacted with a 
dilute aqueous solution of a base such as 
ammonium hydroxide, sodium hydroxide 
calcium hydroxide, sodium bicarbonate, or 125 
potassium carbonate, in order to neutralize 
any acid groups in the surface or any free 
acid present on the surface, and the neutral- 
ized surface then washed in water and dried 
in air. u0 
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The depth of the treated surface (dry) 
will vary with the particular polymer ma- 
terial and the treating conditions used and 
generally will be 2 to 150 microns, though 
5 we have found that articles with treated 
surface of 2 to 70 microns sufficiently ex- 
hibit the durable slippery property when 
wet with water. The treated surface is not 
onlv hydrophilic but swells as much as 3 
10 to 4 times in thickness in contact with 
water, water forming a uniform film on 
the treated surface. Generally, we have 
found that surfaces with adequate durable 
slippery character will have coefficients ot 
15 Son of .05 or .04 or less, when tested 
by the ASTM-D-1894-63 test described in 
Example 2 herein. These durable slippery 
furfac^s will have 20 to 400 ^qujvalen s 
per square meter (meq/nr) of titratablu 
20 groups with a standard deviation of 7 to 
10°; In addition to characterizing the 
treated surface in these terms of coefficient 
of friction and titrated groups, its slippery 
character, when wet with water, can be 
7S characterized"^ likening it to the sliding 
Sg to the t6uch imported by a wet bar 
of soap or melting ice. Infrared spectral 
analysis, with a Perkin-Elmer 137 Spectro- 
photometer, of the treated surface. ; after 
™ bein« washed, neutralized, and dried in air, 
reveal the presence of sulfonic acid groups 
located in the para position on the aromatic 
nucleous and an absorption band in he 
hydroxyl region of 2.8 microns. Repeated 
35 Xshtag and° drying .of the treated surface 
3 * does not alter the slippery character ot he 
surface, nor does mild abrasion or rubbing 
S a cloth, the treated surface being 
firmly affixed to the substrate. This surface 
40 whe/ dried, does not feel slippery -to the 
W touch to any extent, any more than the 
untreated surface, until wet with water. The 
material comprising the slippery layer is 
hiahly hydrophilic and water-swellable as 
45 contrasted to the hydrophobic substrate to 
which it is bound. By virtue of the perm- 
anent bonding to this substrate, this hydro- 
ohilic layer is in effect water-insoluble. It 
is also resistant to solvents such as benzene 
™ methyl ethyl ketone and chloroform but 
50 hquid permeable. Pellets of a 75 weisht 
percent styrene-25 weight percent acrylo- 
nitrile copolymer, for example, when 
treated in accordance with this invention 
55 and aUowed to soak in chloroform or ethyl 
acetate, became hollow shells 
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The polymer articles, treated in accord- 
ance with this invention to impart at least 
one slippery surface thereto, can be used 
60 in a host of applications where the slippery 
property is of advantage or necessary. Such 
treated articles in the form of powder, 
beads or pellets can be used as a substitute 
for snow to provide a skiing surface. Con- 
65 tact rollers having a hydrophilic surface can 



be used in the dispensing of aqueous print- 
ing inks, dyes, dopes, adhesives, dust, 
powders, and many other types o coatmg 
The hulls of boats can be made of or clad 
w S polymers treated in accordance with 70 
his invention since the slippery surface 
thereof will be less prone to attack or foul- 
ins by marine life, fungi, barnacles, micro- 
organisms and the like. Articles which nor- 
mllly wear out and often need to be lubn- 75 
cated with an oil, etc., can be fabricated 
and [have selective surfaces thereof treated 
in accordance with this invention, the mere 
wetting of such surfaces with water being 
sufficient to lubricate, the desired surface 80 
and prevent or minimize wear, such articles 
inclu&ns pipes and hose fittings, valves, and 
nozzles for handling water and. water so u- 
Sons and slurries. Medical, devices inserted 
in body orifices and cavities for purposes 85 
of diagnosis or insertion of fluids can be 
made from plastics having surfaces treated 
in accordance with this apphcation he 
use of snch devices made in this fashion 
making if unnecessary to apply lubricant 90 
To the" device prior to insertion into i the 
bodv. Such medical devices include enema 
tubes, catheters, proctoscopes, specula re- 
ceptoscopes, sheaths, ureathal sounds, naso- 
Sstric tubes, endotracheal tubes, pessane . 95 
anossopes, sigmaorthoscopes ^tractors 
dialators, cystoscopes. and the luce the 
mere application of water to the treated 
surface of such articles making the same 
slippery and readily inserted without the 100 
need of a conventional lubricant. Also, 
diagnostic devices such as fiber optic view- 
insf bundles, temperature or pressure sens- 
ing" probes, radiopaque diagnostic material, 
and the like, can be carried or disposed 105 
within a body insertable sheath made of 
Sch copolymers, the surfaces, of the shea h 
having been treated as described above to 
render them durably slippery when we . w th 
water Various other devices and mstru- no 
ments which can be made in accordance 
with this invention will be apparent to 
those skilled in the art. 

In the accompanying drawing. Figures 1 
and 2 illustrate embodiments of a syringe 115 
useful for example, for injecting a medi- 
cinal preparation, such as an enema pre- 
paration, into a body orifice or cavity In 
Fiaure 1 reference 1 designates a flexible 
hand-pump or bag made of rubber or the 120 
like which is connected to a nozzle or 
applicator tip 2 the outer surface of at least 
the terminal portion 3 of which has been 
treated with fuming sulfuric acid to render 
t hydrophilic and slippery when wet with 125 
water. In Figure 2. reference 6 designees 
a container, such as a thin-walled poly- 
ethylene bottle which is flexible and can be 
squeezed to expel its contents Affixed to 
^threaded neck 7 of the bottle is a nozzle 13 0 
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8, the outer surface of at least the terminal 
portion 9 of which has been similarly 
treated to render the same hydrophilic and 
slippery when wet with water. 
5 In the embodiments illustrated in the 
drawing, the nozzles or applicator tips are 
made or fabricated from the above-des- 
cribed copolymers of a vinyl aromatic, such 
as a styrene-acrylonitrile copolymer, such 

10 copolymer being normally transparent, 
treated surfaces thereof being shown as 
shaded in the drawing and indicate visible 
etching or less transparency. 
The invention will be further illustrated 

15 by the following examples: 

Example 1 

In this example, 5 g. of a transparent, 
thermoplastic copolymer of 75 wt. % styrene 
and 25 wt. % acrylonitrile ("TyriT 767) 

20 in the form of pellets (2 mm in diameter 
and 4 mm in length) were immersed in a 
bath of fuming sulfuric acid (20 wt. % 
free S0 3 ) at room temperature for 15 min. 
The treated pellets were removed from the 

25 treating bath and quickly immersed in a 
large bath of water and then withdrawn 
and washed for 5 min. in running tap water. 
The pellets were then dried in air and 
had an opaque, translucent appearance and 

30 were not slippery when rolled between the 
fingers. However, when the pellets were wet 
with water, they were extremely slippery 
to the touch and appeared substantially 
swollen when compared with untreated 

35 pellets. The washed pellets were immersed 
in 28% aqueous ammonia hydroxide and 
when these wet pellets were examined, they 
too appeared swollen and slippery to the 
touch. Examination of the wet treated 

40 pellets under a microscope using phase- 
contrast optics revealed a definite surface 
layer having a thickness of about 200 
microns thick when measured with a grid 
under the microscope. 



Example 2 45 

A thermoplastic specimen (5 cm. x 
10 cm. x 0.13 cm.) of a copolymer of 75 

$t3&v?%EF and . 25 Wt % aa yl°nitrile 
{ lyni 767) was immersed in fuming sul- 
furic acid (20 wt. % free S0 3 ) at room 50 
temperature for 2 min. The treated sample 
was removed from the acid bath and im- 
mersed in water to remove excess acid. 
I ne surface of the treated sample was 
scrubbed thoroughly with a soft cloth pad 55 
to remove excess acid while immersed in 
water The water-washed sample was then 
H^^kk wet with wa ter according to 
^2* ?' l *?*' 63 > Coefficient of Frifuon 
of Plastic Films^ Procedure B (Moving 60 
Sled-Horizontal Plane) at a crosshead speed 
ot 12.7 cm. using a water-wet stainless steel 
beam The coefficient of friction for the 
treated surface was found to be 0.01 to 002 
Reflective infrared spectroscopy of the 65 
dried treated surface revealed a high degree 
ot sulfonic acid substitution predominantly 
attached to the para position of the aro- 
matic nuclei. This treated surface layer was 
found deeper than the 3 micron penetration 70 
of the incident infrared beam used. 

Example 3 

A series of specimens of a copolymer 
having the same dimensions and composi- 
tions as that used in Example 2 were indi- 75 

£ao/ 7 m SS?^ in fumin S sulfuric acid 
UU/o tree SO a ) for various lensth of time 
at room temperature and then^thorouehlv 
water-washed. The coefficient of friction 
ot the treated samples were measured in 80 
the manner described in Example 2 The 
treated samples were also subsequently 
dried in a dessicator for one day, sectioned 
on an ultramicrotome, and the sections ex- 
amined with an optical microscope using 85 
phase-contrast optics to determine the 
depth of treatment. The results of these 
examinations are summarized in Table I: 



Table I 



90 



95 



100 



Run 



1 

2 
3 
4 
5 
6 
7 
8 



Contact time of 
sample with acid, 
sec. 



0 (control) 

1 

2 

5 
15 
30 
60 
120 



Coeff. of friction 
of treated surface 



0.07 —O.ll 
0.07 —0.09 
0.07 —0.09 
0.05 —0.07 
0.02 —0.05 
0.007—0.02 
0.007— O.02 
0.004—0.01 



Depth of treated, 
dry surface, 
microns 



TSTM* 
TSTM 
TSTM 
TSTM 

9 

5 

13.6 



**TSTM" means "too small to measure". 
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The data of Table I show that the coeffid- 
H of friction and depth of the treated I sur- 
face is a function of the duration of treat- 
S the longer the contact lime ot ■ urfece 
with the sulfonating agent, the greater the 
Suction in friction and the depth of the 
treated surface. The surfaces of Runs 2-5 
were slippery, but not as slippery as those 



of Runs 6-8. Similar results were found 
when a sWacrylonitril f -butad,ene co- 10 
polymer ("Cycolac") was treated and ex- 
amined. 

E Ts P er1es 4 of copolymers of styrene and 
acr^loSne were prepared according to the 15 
following basic recipe; 



Table II 



20 



25 



Distilled water ... 
Sodium lauryl sulfate 
Potassium persulfate 

Styrene 

Acrylonitrile 



150 g. 

1.5 g. 

0.45 g. 
1.0— X* g. moles 
X* g. moles 



*X varies from 0.1 to 0.9 and the total 
amount of monomer varied from 50 to 
100 g. 



30 



The polymerization reactions were run 
20 hrs P i 60°C. The resulting tag* rjw 
freeze-coagulated and washed with water 
The coagulated copolymer was hot pressed 
and cut into 7.6 cm. diameter samples ap- 
proximately 0.13 cm. thick and each treated 



with fuming sulfuric acid .for 5 toJSmin. 
in the manner described in Example i. 
The nature of the treated surface when wet 
with water and examined by touch was .de- 
termined, the results being summarized in 
Table HI. 



35 



Table III 



40 



45 



50 



55 



60 



Amt. of styrene wt. % 




Nature of treated 
surface* 



1 

2 
3 
4 
5 
6 
7 
8 
9 
10 



0 
20 
30 
40 
50 
60 
70 
80 
90 
100 



0 

22.5 
35 
47.5 
58.5 
67.4 
82.2 
89.0 
94.3 
100 



not slippery 
not slippery 
not slippery 
not slippery 
slightly slippery 
slippery 
slippery 
slippery 
slightly slippery 
not slippery 



Another scries of polymerizations were 
carried I out in which styrene-n-butyl acry- 
fate copolymers of varying weight ratios 
of monomers were prepared and treated 
with fumina sulfuric acid. In each poly- 
merization an ampoule was charged with a 
Son of 10 g. sodium lauryl sulfate and 
02 8 o potassium persulfate and then 
with the monomers. The charged ampoules 
weVe sealed and the polymerizations were 
ran 20 hrs. at 60°C. in a tumbler bath. 



The latices were freeze-coagulated, washed 
and dried. The products were then pressed 
into film specimens (5 cm. X 10 cm. * 
0?3 cm.) a P nd treated with fuming $ sulfuric 
acid (10 wt. % free S0 3 ) at 25 C. tor 
1 Sin., then water-washed. The treated sur- 
faces of all specimens were slippery when 
wet with water and their coefficients of fric- 
tion were measured in accordance w.th the 
above-described procedure. Results are set 
forth in Table IV. 
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Table IV 



Amt. of Styrene wt. % 

t>«« 1, Z Coeff. of friction of 

Kun Charged Found (anal) treated surface 



\ ™ 64.8 0.01—0.02 

\ 60 55.8 0.01-O.02 

a ~ 0.01—0.02 

5 In 0.01-0.02 

5 30 26.0 0.02—0.03 



10 The above data reveal not only that it is 
essential to use a copolymer in order to 
obtain the desired slippery surface, but that 
a sufficient amount of the styrene monomer 
must be used in preparing the copolymer in 

15 order to obtain a slippery surface, though 
said amount will vary with the copolymer 
used. 

Example 5 

In this example, a series of 15 g. samples 

20 of pellets (having a surface area of about 
8 m 2 /kg.) of a copolymer of 75 wt. % 
styrene and 25 wt. % acrylonitrile ("Tyril" 
767) were immersed and stirred in fuming 
sulfuric acid (2 wt. % free S0 3 ) for 2 min. 

25 at 30°C After such treatment, the pellets 
were removed from the bath and quenched 
and washed in a bath of tap water, then 
washed for 5 min. in running tap water, 
neutralized by shaking in 5% aqueous 

30 sodium bicarbonate for 10 min., then re- 
washed in running tap water for 5 min. The 
pellets were then column washed slowly 
with 12% aqueous hydrochloric acid (to 
convert hydrophilic groups to acid groups), 

35 then washed with deionized water until all 
traces of hydrochloric acid were removed, 
and then titrated with standard base to a 
light pink phenolphthalein endpoint to 
ascertain the hydroprilic groups present. In 

40 all, eight samples were thus prepared and 
evaluated and the mean amount of hydro- 
philic groups was found to be 86.0 meq/m 2 , 
the standard deviation being 7%. 

Example 6 

45 A film of a copolymer of acrylonitrile, 
butadiene and styrene ("Cycolac") was 
prepared by compression molding pellets 
of said copolymer. The film was immersed 
in fuming sulfuric acid (5 wt. % free S0 3 ) 

50 for 4 min, at room temperature. The 
treated film was then washed thoroughly in 
water and the wet treated surface waT found 
to be very slippery. The film was then im- 
mersed briefly in 5 wt. % aqueous sodium 

55 bicarbonate and again rinsed with water. 
The so-treated wet surface had the same 
slippery feel. A finite boundary was ob- 
served between the treated and untreated 
portion of the film; by running the finger 



over the film, a definite ridge could be de- 60 
tected at the boundary line between the 
treated and untreated surface of the film 
due to the swollen nature of the treated 
surface. Water filmed out on the treated 
area but beaded on the untreated area of 65 
the surface. 

Example 7 

Pellets of a copolymer of acrylonitrile, 
butadiene and styrene ("Tybrene" 217) 
were melted and molded to form an enema 70 
tube about 7.5 cm. in length with an out- 
side diameter of 0.8 cm. The tube was im- 
mersed in a bath of fuming sulfuric acid 
(7 wt. % free S0 3 ) to a depth of 4.5 cm. 
for 4 min. at 135°C. The tube was then 75 
washed in water for 5 min. in running tap 
water, immersed in a bath of 5 wt % 
aqueous ammonia for 10 min. with shaking 
and rewashed for 5 min. in running tap 
water. The portion of the tube that was 80 
contacted with the sulfonating agent ap- 
peared opaque and translucent, whereas the 
untreated portion of the tube was clear and 
transparent. When wet with water the 
treated surface of the tube appeared far 85 
more slippery than the untreated portion. 

Example 8 

Pellets of a thermoplastic copolymer of 
75 wt. % styrene and 25 wt. % acrylo- 
nitrile rTyriT 767) were melted and injec- 90 
tion molded to form an enema tube having 
a length of 9 cm., an outside diameter of 
0.8 cm and an inside diameter of 0.6 cm 
Ihe tube was immersed to a depth of 4 5 
cm in fuming sulfuric acid (2 wt. % free 95 
S0 3 ) tor 2 mm. at 35°C. The treated tubes 
were quickly quenched in an excess of tap 
water, washed in running tap water for 
5 mm. neutralized in 5 wt % aqueous 
sodium bicarbonate for 10 min. with shak- 100 
mg, and rewashed in tap water for 5 min 
Ihe portion of the tube that was contacted 
with the sulfonating agent appeared opaque 
and translucent, whereas the untreated por- 
tion of the tube was clear and transparent. 105 
When wet with water, the treated surface 
of the tube appeared far more slippery than 
the untreated portion. 
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Example 9 ft1 -» cm \ 

strip ias opaque and durably slippery when 
£F3K and its £W„t d t; 

bery nature was not detectably chan c ea oy 

15 the treatment. 



Example 10 « ,~ t „' 

A striD of a copolymer of 5J wt. ,o 
st4ne a P nd 50 wt. ?i n-butylacrylate was 
immersed in fuming ^une a c.d 

described in Example 4. The > tr^atea sur 
fire of the film was found to bu slippy 
Sen wet 'vith water and it had a coetoa- 
25 ent of friction of 0.02 when tested by the 
procedure of Example 3. 

E T mSded strip (5 cm. X 10 cm X 

013 cra id o£ 5o a wt° P o 

30 ^imm^sef in fuming sulfuric acid 1 (10 
wf - free S0 3 ) at room temperature for 2 
min ' The sample was washed in water and 
TcoSdlnt of friction 

being slippery when wet with water. 

E Tf5m offlexible copolymer of 50 wt. % 
40 st4ne and 50 wt % kobutyle mj «w 

mre The Sated film was washed in water 

45 Ssted by the procedure of Example 3. 

DOt ha ?,nnf %S h^philic. P0ly- 

60 water though sulfuric 

So ^"SSw - 



ture or in concentrated sulfuric acid at 
room temperature and at temperatures up 

oerSes of 70 to 85°C. could be easily 
SSBdl with the finger. A copolymer o 70 
70 wt % styrene and 30 wt 0 DUiao ""'~ 
rPHolite" S7) when treated 1 mm . with 
fumS sulfuric acid (20 wt. % free SO, (at 
o 5 ™ developed a loose gel which was 
cosily removed from the treated surface. A 75 
vtayf Tenzoate-butylacrylate copolymer. 
Sen treated for 2 min with fuming f sul- 
furic acid (20 wt. % free SO,) at room 
SeSure produced a hydrophihc sur- 
S but it wasn't slippery when wet with 80 

wa 5; v . ords "Tvril" "Neo-Cryr. "Zer- 
. J «Tv?ren»" *C Vcolac", and "Pliolite", 
LTu^d &are Registered Trade Marks. 



WHAT WE CLAIM IS:— 85 
1 An article including at least one part 
formed from a water insoluble solid co- 
nolvmer of a vinyl or alpha-methyl vinyl 
Stic compound and at leas t one ^co- 
pSymerizable acyclic vinyl or alpha-methyl 90 
8£ compound, which part has at least one 
surface which is slippery when in contact 

Ar-article according to claim 1 
wherein the surface has been contacted wiUi 95 
fuming sulphuric acid whereby the surface 
[S in contact with the water and is 

S,1 3 Pe An article according to claim 1 or 
claim 2 formed from styrene and at fcast 100 
one comonomer of the formula CH 3 -C- 
? R VX where R« is methyl or ^drogen 

SoR'fwhere R' is an klkyl having 1 to 

8 carbon atoms. , 

4 An article according to any preced- 
es claim in which the copolymer composes 
20—85 weight percent styrene and 80—13 
weiaht percent comonomer. 

5" An article according to claim 4, in 110 
which the copolymer comprises 50-^-75 
weisht percent styrene and 50—25 weignt 
percent comonomer. 

6 An article according to claim 4 or 
claim 5, in which the copolymer is styrene- 115 
acrylonitrile copolymer an acrylonitrrte. 
butadiene, styrene copolymer, a styrene- 
butylacrylate copolymer, a styrenc-mcthyl- 
methacrylate copolymer, or a styrene-iso- 
butylene copolymer. 

7 An article according to any preced- 
ing 'claim in which the treated surface has a 
coefficient of friction of less than 0.05. 
when in contact with water. 

8. An article according to any preced- 125 
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ing claim, in which the treated surface has 
a depth of 2 to 70 microns. 

9. An article, according to any preced- 
ing claim wholly formed from the copoly- 
mer. J 

10. An article according to any preced- 
ing claim comprising an enema tube. 

11. A process for rendering the surface 
or part of the surface of an article accord- 
ing to any preceding claim slippery when 
contacted with water, comprising treating 
the surface or part of the surface with fum- 
ing sulphuric acid. 

12. A process according to claim 11 in 
which the conditions of treatment of the 
surface are sufficient to render said treated 
surface 2—70 microns thick and impart to 
it a coefficient of friction of 0.05 or less, 
when in contact with water. 



13. An article according to claim 1 sub- 
stantially as herein described with reference 
to the accompanying drawings. 

14. An article according to claim 1 sub- 
stantially as herein described with reference 
to any one of the examples. 

15. A process for providing a polymer 
article with a surface which is hydrophilic 
and slippery when in contact with water 
substantially as herein described. 

For the Applicants : 
LLOYD WISE, BOULY & HAIG, 
Chartered Patent Agents, 
Norman HouseT 
105—109 Strand, 
London, WC2R, 0AE. 
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1280349 COMPLETE SPECIFICATION 

, This drawing is a reproduction of 

1 ai-icci t()e o ri g lna j on a reduced scale 



